ABSTRACT
INTRODUCTION
S ingle-stranded conformationa l poly morphism (SSCP) analysis has been widely used to detect DNA alterations including point mutations in cancer and congenital diseases (5, 12, 13, 17, 18) . Originally, during SSCP analysis (17) , bands were detected by Southern hybridization. In polymerase chain reaction (PCR)-SSCP analysis (18) , the target sequence is amplified and labeled simultaneously by PCR using radiolabeled primers or substrates. Radioisotopes, however, are a disadvantage with routine use of SSCP. Silver staining was introduced to detect bands and to eliminate radioisotopes (1) . The fluorescent amplification refractory mutation system (ARMS)-SSCP is performed using two different fluorescently labeled primers, and the bands are visualized by UV transillumination (15) . Hayashi et al. (16) and Takahashi-Fujii et al. (19) reported fluorescence-based SSCP (F-SSCP) that uses an automated DNA sequencer and a fluorescence-based image analyzer, respectively. However, their systems detect only a single fluorescent dye. Ellison et al. (4) developed F-SSCP with which multiple fluorescent dyes can be detected using the Applied Biosystems Model 373A DNA sequencer, without a gel temperature-controlling system, and GENESCAN™672 computer software (Perkin-Elmer/Applied Biosystems Division [PE/ABI], Foster City, CA, USA).
Recently, we designed and attached a gel temperature-controlling system to the Applied Biosystems 373A DNA sequencer and developed a sensitive method for multiple fluorescence (MF)-based PCR-SSCP analysis (8, 11) . To label the amplified DNA fragments with fluorescent dyes, we used fluorescently labeled primers (11) . The method to post-label DNA fragments with fluorescent dyes after the PCR amplification was also developed (8) .
In this study, we describe a method to internally label DNA fragments by PCR using fluorescent dUTPs ([F]dUTPs). We subjected internally labeled fluorescent PCR products to SSCP analysis either before or after restriction endonuclease digestion, originally developed for radiolabeled DNA fragments (10) .
MATERIALS AND METHODS

Cell Lines and DNA Isolation
We used six human tumor cell lines, A549, Lu65, PANC1, PSN1, SW480 and SW1116, which have nucleotide substitutions from GGT to AGT, TGT, GAT, CGT, GTT and GCT, respectively, at codon 12 of the K-ras gene (11) . We have also used a human tumor cell line, MDA-MB231, which has a nucleotide substitution from GGC to GAC at codon 13 of the K-rasgene (11) . Peripheral white blood cells were obtained from seven healthy subjects. High molecular weight DNAs were prepared from the cultured tumor cell lines and the peripheral white blood cells by the standard method (2).
I nternal Labeling of DNA Fragments with Fluorescent Dyes
The [F]dUTPs R6G-dUTP (green, 100 µ M), R110-dUTP (blue, 100 µ M) and TAMRA-dUTP (yellow, 400 µ M) were provided by PE/ABI. Primers used in this experiment are listed in Table 1 . These primers were synthesized using an Applied Biosystems Model 392 DNA/RNA synthesizer (PE/ABI). To obtain reproducible PCR amplification from a small amount of DNA sample, the 121-bp DNA fragment containing K-rascodons 12 and 13 was amplified by the nested PCR procedure.
The first PCR was performed using the primer pair oRB492-oRB493 and 100 ng of genomic DNA extracted from either a cell line or peripheral white blood cells as a template, in a total volume of 10 µ L. The second PCR was performed using either the primer pair oRB1050-oRB1633 or oRB1120-oRB1633, and the 500-times-diluted first PCR product served as a template in a total volume of 10 µ L. The reaction mixture of the first and second PCRs contained 1 µ M of each primer, 200 µ M of each dATP, dCTP, dGTP and dTTP, the indicated DNA as a template and 0.025 U/ µ L of AmpliTaq ® DNA polymerase (Perkin-Elmer, Norwalk, CT, USA) in buffer consisting of 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 and 0.01% (wt/vol) gelatin. Thirty reaction cycles at 94°C, 55°C and 72°C for 30 s, 30 s and 1 min, respectively, were carried out in a Program Temp Control System (Model PC-700; Astec, Fukuoka, Japan). The first denaturation at 94°C was extended to 2.5 min, and the last polymerization at 72°C was extended to 10 min to complete the elongation reaction. To internally label the DNA fragments with fluorescent dyes and to examine the effect of doses of [F]dUTPs on internal labeling and SSCP analysis, 0.05, 0.1 or 0.2 µ L of each [F] dUTPs was added to the mixture of the second PCR. After the second PCR amplification, 5 µ L of the PCR products were electrophoresed on an 8% polyacrylamide gel, and the amplification of 121-bp DNA fragments was confirmed. The remaining PCR products in 5 µ L were used for SSCP analysis.
Post-Labeling of DNA Fragments with Fluorescent Dyes
The 121-bp DNA fragments of the K-ras gene were PCR-amplified using the primer pair oRB1120-oRB1633 as internal labeling after omitting [F] dUTPs. The PCR-amplified DNA fragments were post-labeled at their 3 ′ ends with fluorescent dyes as described (8) . In brief, the second PCR was performed in a total volume of 50 µ L, and the unincorporated dNTPs were removed by ethanol-precipitation using ammonium acetate as a salt. The amplified DNA fragment (0.1 µ g) was mixed with 1 µ M blue R110-dUTP and 250 µ M dCTP in buffer containing 50 mM Tris-HCl, pH 7.5, 10 mM MgCl 2 , 1 mM dithiothreitol and 100 mM NaCl in a total volume of 10 µ L. Two units of the Klenow fragment of E. coli DNA polymerase I (Takara, Kyoto, Japan) were added, and the solution was incubated at 37°C for 30 min. The Klenow fragment was then inactivated by heating at 75°C for 10 min. The cetyltrimethylammonium bromide (CTAB) precipitation step to remove unincorporated [F]dUTPs was omitted.
Restriction Endonuclease Digestion of Internally Labeled DNA Fragments with Fluorescent Dyes
The 1051-bp DNA fragment spanning exons 7, 8 and 9 of the human prothrombin gene was amplified by the nested PCR method using primer pair oRB40-oRB144 for the first PCR and primer pair oRB100-oRB43 for the second PCR (Table 1) . PCR was performed in the same manner used to amplify the K-ras gene, except that the total volume of the second PCR was 50 µ L and that the length of time for denaturation at 94°C, annealing at 55°C and elongation at 72°C was set for 1, 1 and 3 min, respectively. To internally label the DNA fragments with fluorescent dyes, 0.5 µ L of each [F]dUTP was included in the mixture of the second PCR. After the second PCR amplification, the PCR products (5 µ L each) were electrophoresed on an 8% polyacrylamide gel to confirm the amplification of 1051-bp DNA fragments. A 5-µ L aliquot of the PCR product was digested with 5 units of Eco O109I PASA indicates the primers that are used for PASA and mutated primermediated PCR-RFLP. The restriction endonucleases Eco RI and BamHI indicate that the DNA fragments amplified with these primers can be digested with these restriction enzymes.
Table 1. Primers Used in This Study
Research Repo r ts (Takara), Hpa II (Boehringer Mannheim, Mannheim, Germany), Rsa I (Boehringer Mannheim) or Tth HB8I (Takara) using the same conditions recommended by the manufacturers in a total volume of 10 or 20 µ L. The endonuclease-digested DNA fragments (0.125-0.5 µ L) were electrophoresed without heat denaturation on a 6-cm 13% non-denaturing polyacrylamide gel at 20°C using an Applied Biosystems Model 373A DNA sequencer. Red-colored GENESCAN-2500 ROX (PE/ABI) was used as an internal DNA size marker.
SSCP Analysis
The fluorescently labeled DNA fragment was diluted 3-20 times with a loading buffer consisting of formamide and EDTA (100% formamide:50 mM EDTA = 5:1). To examine the effect of salt concentrations on SSCP analysis, NaCl was added to the DNA samples diluted with loading buffer at a final concentration of 100 mM. The DNA samples were heated at 90°C for 3 min and cooled immediately on ice. This solution (1 to 5 µ L) was applied to a non-denaturing polyacrylamide gel (SSCP gel) set to an automated DNA sequencer equipped with a temperature-controlling system that we developed (8) . Red-colored double-strand GENESCAN-2500 ROX was used as an internal DNA size marker. To make a 13% polyacrylamide gel, 40 mL of the SSCP gel mixture containing 13 mL of 40% acrylamide (acrylamide/ N,N -methylenebisacrylamide; 50:1), 4 mL of 10 ×TBE buffer (90 mM Trisborate, pH 8.3, 4 mM EDTA), 840 µ L of 3% ammonium persulfate and 24 µ L of N,N,N ′ ,N ′ -tetramethylethylenediamine (TEMED) were used. Three different gel plates, of which the distances from the well to the detector are 6, 12 and 24 cm, are applicable to the Applied Biosystems Model 373A DNA sequencer. Although the larger the gel size, the better the resolution of SSCP analysis (8), we usually used the shortest plate (6 cm) for SSCP analysis in this experiment to save time. The gel temperature was strictly maintained at 20°C. Electrophoresis was performed in 1 × TBE buffer at 30 W for 3 or 4.5 h, and the data were collected and analyzed using GENESCAN 672 software.
Electropherograms showed the migrated positions of the DNA fragments as peaks.
SSCP Analysis Following Coelectrophoresis
The DNA fragment of the K-ras gene, amplified from a normal control subject, was internally labeled with blue R110-dUTP, and the DNA fragments amplified from seven tumor cell lines were internally labeled with green R6G-dUTP. The control DNA fragment and sample DNA fragments were mixed at the indicated ratio and coelectrophoresed in the same lane for SSCP analysis.
The DNA fragments of the K-ras gene from a normal control subject and seven tumor cell lines were internally 512BioTechniques
Vol. 21, No.3 (1996) labeled with green R6G-dUTP or postlabeled with blue R110-dUTP. The internally labeled and post-labeled DNA fragments were mixed and coelectrophoresed. Coelectrophoresis was performed on a 6-cm 13% SSCP gel at 20°C using an automated DNA sequencer. The results were shown as electropherograms.
PCR Amplification of Specific Alleles and Mutated Primer-Mediated PCR-Restriction Fragment Length Polymorphism
PCR amplification of specific alleles (PASA) and mutated primer-mediated PCR-restriction fragment length polymorphism (PCR-RFLP) were performed as previously described (9) . The human prothrombin gene was PCR-amplified under similar conditions as were used for the K-rasgene amplification, except for the following modifications. Genomic DNAs from seven healthy subjects were used as templates; the three primers oRB172, oRB265 and oRB302 (Table 1) were used simultaneously; and the denaturation, annealing and elongation steps were performed at 95°C for 1 min, 60°C for 1 min and 72°C for 2 min, respectively. The amplified 75-bp DNA fragments were digested with 10 units of BamHI (Boehringer Mannheim) using the protocol recommended by the manufacturer in a total volume of 20 µ L. Electrophoresis was performed in a 12% polyacrylamide gel. The DNA fragments were visualized with ethidium bromide staining and UV transillumination. 
RESULTS
Effects of Different Amounts of Fluorescent Dyes on Migration of DNA Fragments
Effect of Different Fluorescent Dyes on SSCP Analysis
In Figure 2 , the 121-bp DNA fragments of the K-ras gene were PCR-amplified from genomic DNAs, which were isolated from peripheral white blood cells of a normal subject and seven tumor cell lines. They were internally labeled using the three different fluorescent nucleotides, green R6G-dUTP, blue R110-dUTP or yellow TAMRAdUTP, by adding each of them, at a volume of 0.1 µ L, to the PCR mixture in a total volume of 10 µ L. The singlestranded DNA fragments from seven tumor cell lines migrated at different positions from those of the control. However, the SSCP profiles showed similar patterns irrespective of the species of the three different [F]dUTPs.
SSCP Analysis Following Coelectrophoresis
In Figure 3 , the normal control DNA internally labeled with blue R110-dUTP and the sample DNAs internally 514BioTechniques
Vol. 21, No.3 (1996) Figure 3 . SSCP analysis following coelectrophoresis. The 121-bp DNA fragments of the K-ras gene were PCR-amplified as explained in Figure 1 . The DNA fragment amplified from a normal control subject was internally labeled with blue R110-dUTP, and the DNA fragments amplified from seven tumor cell lines were internally labeled with green R6G-dUTP. The control DNA fragment and sample DNA fragments were mixed at a ratio of 2:1 and coelectrophoresed on a 13% SSCP gel of 6 cm at 20°C using an automated DNA sequencer. The results were shown as electropherograms, in which abscissa denotes the time in scan numbers, which increase every 6 seconds by 1, and ordinate denotes the intensity of fluorescence. Panels 1-8 show a normal control, A549, Lu65, MDA-MB231, PANC1, PSN1, SW480 and SW1116, respectively. Red-colored GENESCAN-2500 ROX was used as an internal DNA size marker.
labeled with green R6G-dUTP were mixed at a ratio of 2:1 and subjected to SSCP analysis. The result was shown in electropherograms. The normal control DNA in the first panel shows the superimposed profiles in blue and green despite being labeled with different [F]dUTPs, suggesting that migration distance is not affected by the species of [F]dUTPs used for internal labeling. The DNAs isolated from seven tumor cell lines, shown in the remaining seven panels, exhibited different profiles in green when compared to that of the normal control DNA in blue. Red-colored bands represent an internal size marker of double-stranded GENESCAN-2500 ROX.
Effect of Labeling Methods on SSCP Analysis
In Figure 4 , the 121-bp DNA fragments of the K-ras gene were amplified with the primer pair oRB1120-oRB 1633 (Table 1) . They were internally labeled with green R6G-dUTP or blue R110-dUTP, or post-labeled with blue R110-dUTP at the 3 ′ ends of both strands. The internally labeled and post-labeled DNA fragments were diluted 10 and 3 times, respectively, with loading buffer and were subjected to SSCP analysis. The SSCP profiles of eight internally labeled samples shown in the left half of Figure 4A were different in the absolute distance of migration of each band from those of the corresponding eight post-labeled samples shown in the right half of Figure 4A . However, coelectrophoresis, in which DNA fragments internally labeled with green R6G-dUTP and those post-labeled with blue R110-dUTP were mixed at a ratio of 1:2.5, showed that their main peaks (green and blue in the electropherograms) were superimposed ( Figure 4B ).
Restriction Endonuclease Digestion of Internally Labeled Fluorescent DNA Fragments
The 1051-bp DNA fragments of the human prothrombin gene with known restriction sites, as shown in Figure 5A , were PCR-amplified and internally labeled with green R6G-dUTP, blue R110-dUTP or yellow TAMRA-dUTP.
They were then digested with the restriction endonucleases Eco O109I, Hpa II, Rsa I or Tth HB8I. As shown in Figure 5B , all fluorescently labeled DNA fragments with internal labeling were clearly cleaved with these restriction endonucleases without leaving detectable amounts of uncut fragments.
Fluorescent SSCP Analysis after Restriction Endonuclease Digestion
The polymorphism of either cytosine (C) or thymine (T) at position 7177, which was numbered by Degen and Davie (3), in intron 7 of the human prothrombin gene was detected by a combination of PASA and mutated primer-mediated PCR-RFLP in seven Japanese subjects. Primer oRB302 works when the nucleotide sequence contains C at position 7177 and includes a Bam-HI recognition site. Primer oRB265 works when the nucleotide sequence contains T at position 7177 and does not include any BamHI recognition sites. Therefore, if the amplified 75-bp DNA fragment is cut partially or completely with BamHI with the appearance of a 57-bp band, the subject is heterozygous with C and T alleles or homozygous for C alleles, respectively, at position 7177. If there is no 57-bp band, the subject is homozygous for T alleles at position 7177. As shown in Figure 5C , two subjects (lanes 2 and 7) were homozygous for C, one subject (lane 6) was homozygous for T and four subjects (lanes 1 and 3-5) were heterozygous for C and T.
The 1051-bp DNA fragments of the human prothrombin gene were ampli516BioTechniques
Vol. 21, No.3 (1996) Figure 4 . Effect of labeling methods on SSCP analysis. The 121-bp DNA fragments of the K-ras gene were PCR-amplified as explained in Figure 1 except for using the primer pair oRB1120-oRB1633. The DNA fragments were internally labeled with green R6G-dUTP or blue R110-dUTP, or post-labeled with blue R110-dUTP at the 3 ′ ends of both strands. SSCP analysis was performed on a 13% SSCP gel of 6 cm at 20°C using an automated DNA sequencer. (A) The eight left lanes show the SSCP profiles of internally labeled DNA fragments that were diluted 10 times with loading buffer, and the eight right lanes show those labeled with the post-labeling method and diluted 3 times with loading buffer. (B) DNA fragments that were internally labeled or labeled at the 3 ′ ends were mixed at a ratio of 1:2.5 and subjected to SSCP analysis. Lanes 1-8 indicate a normal control, A549, Lu65, MDA-MB231, PANC1, PSN1, SW480, and SW1116, respectively. Red-colored GENESCAN-2500 ROX was used as an internal DNA size marker.
fied from genomic DNAs isolated from peripheral white blood cells of these seven subjects. These DNA fragments were internally labeled with green R6G-dUTP and digested with Eco O-109I. They were then subjected to SSCP analysis. As shown in Figure 5D , three bands (indicated by red arrows) were absent in lanes 2 and 7, and a band (indicated by a blue arrow) was absent in lane 6. In lanes 1, 3, 4 and 5, all these bands were detectable. This result was compatible with that of PASA and mutated primer-mediated PCR-RFLP, as shown in Figure 5C .
DISCUSSION
We previously developed MF-based PCR-SSCP analysis, in which we used primers fluorescently labeled at their 5 ′ ends, and a method to post-label PCRamplified DNA fragments at their 3 ′ ends with fluorescent dyes (8, 11) . In this study, we reported a simple method to internally label PCR-amplified DNA fragments with [F]dUTPs and applied them to SSCP analysis, which was referred to here as MF-PCR-SSCP analysis with internal fluorescent labeling.
Many fluorescent dyes were reported to be useful for nucleotide sequencing (14) . We initially expected that the internally, fluorescently labeled singlestranded DNA fragments would show smearing patterns on an SSCP gel, because, first, the molecular weights of R6G, R110 and TAMRA were 457, 357 and 415, respectively, which were comparable to the sizes of each of the four nucleotides in the DNA strand, and, second, because all three fluorescent dyes contained the polarized distribution of ionic charges with a potential to modify the steric structure of single-stranded DNA. In addition, the random incorporation of [F]dUTPs into the DNA fragments was expected to cause variable conformational changes. Surprisingly, the results were contrary to our expectation. The single-stranded DNA fragments formed clearly detectable bands in an SSCP gel, and their migration positions were not significantly affected by the amount or the species of incorporated [F]dUTPs (Figure 1C) . These results indicated that PCR-amplified internally labeled DNA fragments with fluorescent dyes were suitable for SSCP analysis.
Seven different mutations of the Krasgene at codons 12 and 13 were clearly detectable by MF-PCR-SSCP analysis with internal fluorescent labeling, and the different species of [F]dUTPs incorporated did not affect the SSCP profiles ( Figure 2 ). We then performed SSCP analysis following coelectrophoresis (2,8) of a mixture of the control DNA and each of the DNA samples. The seven mutations of the K-rasgene were detected even more clearly following coelectrophoresis than by separate runs (Figure 3) .
We compared the SSCP profiles of internally labeled DNA fragments with the post-labeled DNA fragments, and the profiles showed different patterns when analyzed separately ( Figure 4A) . However, the DNA fragments internally labeled with green R6G-dUTP and those post-labeled with blue R110-dUTP showed almost identical SSCP profiles following coelectrophoresis ( Figure 4B ). Because internal-labeling and post-labeling were performed in different buffers as described in the Materials and Methods section, and because the internally labeled and postlabeled DNA fragments were diluted with loading buffer by a factor of 10 and 3, respectively, we rationalized that the salt concentrations of the sample solution might have affected the SSCP profile. We therefore subjected the 121-bp DNA fragments of the K-ras gene, which were internally labeled with green R6G-dUTP, to SSCP analysis in the absence or presence of 100 mM NaCl final concentration. The salt concentration of the sample solution changed the SSCP profiles to some extent (data not shown). Since DNA is negatively charged and [F]dUTPs contain the polarized distribution of its ionic charges, the surrounding ionic strength could affect the conformation of single-stranded DNA and its migration in electrophoresis. Coelectrophoresis in which the salt concentration and the ionic strength is the same for both control and sample DNAs is a useful and important method in SSCP analysis. Although temperature, composition and concentration of SSCP gels, and the lengths of the DNA fragments are known to affect SSCP profiles (6) (7) (8) 11) , the salt concentration of the DNA sample solution has not yet been shown to affect SSCP profiles in the radiolabeled SSCP analysis.
In the current protocol for internal labeling, we omitted CTAB precipitation, a step originally intended to remove free [F]dUTPs (8) . Free [F] dUTPs caused nonspecific bands around the region corresponding to double-stranded DNA fragments of 1200, 850 and 950 bp, respectively, for R6G-dUTP, R110-dUTP and TAMRAdUTP on an SSCP gel. Although these nonspecific bands made the SSCP profiles somewhat obscure, it was still possible to detect specific bands (data not shown).
To overcome the limitation of SSCP analysis due to the length of the DNA fragments, we previously developed a method for PCR-SSCP analysis of isotopically labeled PCR products after restriction endonuclease digestion (10) . Internally labeled fluorescent DNA fragments were successfully digested with restriction endonucleases ( Figure  5B ). One molecule of each of the three [F]dUTPs is theoretically incorporated at every 400, 400 or 100 bp into the PCR-amplified DNA fragments at the concentrations we used. Therefore, most restriction endonuclease recognition sites are not expected to contain [F] dUTPs. This might be the reason why internally labeled DNA fragments with [F]dUTPs were digestable with restriction endonucleases. However, further examination is needed to determine whether or not restriction endonucleases are able to cut DNA fragments that contain [F]dUTPs in and around their recognition sites.
The polymorphism of either C or T at position 7177 of the human prothrombin gene, as an example, was detected by MF-PCR-SSCP analysis after endonuclease digestion. The allele of C showed a single band, while the allele of T showed three bands in the SSCP gel ( Figure 5D ). The phenomenon that one strand having the same sequence separates into two or more bands in the SSCP gel has been reported (13, 17 The 1051-bp DNA fragments were internally labeled with green R6G-dUTP, blue R110-dUTP or yellow TAMRA-dUTP and digested with the endonucleases E, H, R and T, respectively. The electrophoresis was performed on a 13% polyacrylamide gel of 6 cm at 20°C using an automated DNA sequencer. (C) The polymorphism of either C or T at position 7177 in intron 7 of the human prothrombin gene was detected by PASA and mutated primer-mediated PCR-RFLP. The 75-bp DNA fragments were amplified from genomic DNA isolated from seven healthy subjects using a set of primers, oRB172, oRB265 and oRB302, and digested with BamHI. Electrophoresis was performed on a 12% polyacrylamide gel, and the bands were visualized with ethidium bromide staining and UV transillumination. The bands 57 bp and 75 bp represent C and T, respectively, at position 7177. M indicates a DNA size maker of Msp I-digested pUC19. Lanes 1-7 are healthy subjects. (D) The 1051-bp DNA fragments, which were amplified from the same DNA used in (C), were internally labeled with green R6G-dUTP and digested with Eco O109I. They were then subjected to SSCP analysis on a 13% SSCP gel of 12 cm at 20°C using an automated DNA sequencer. Lanes 1-7 correspond to those in (C 
